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1 Intr oduction

The MAD-X (M ethodicalAcceleratorDesign) programis a generalpurposeacceleratorand lattice
designprogram. The main aim of this noteis to allow the beginnerto understandhe main building
blocksof MAD-X andto setup anduseabasicmachine.Themostimportantfeaturesaredescribedand
discussedDetailsandmoreadwancedoptionsmustbe left to the MAD-X referencemanual[1, 2].

This noteis awriteup of a presentatiomgivenat a courseon opticsdesignat the CERN accelerator
school[3].

Themainobjectvesof anacceleratodesignprogramare:

e Readthe elementsaandtheir sequencérom afile.
e Calculatethe opticsparameterfrom a machinedescription.
e Defineandcompute(match)thedesiredpropertiesof suchamachine.
e Simulateandcorrectpossiblemachinemperfections.
e Simulatethe beamdynamicsin thedesignednachine.
Both, circularandlinearacceleratorgor beamlines)arenormally handledoy suchprograms.

1.1 What is neededasinput to designan acceleratorlattice ?

Thedesignof amachinerequireshe definitionof themachineandthe basicingredientsare:
e Definition of the propertiesof all machineelements.
e Strengthof all active machineelements.

¢ Positionof all machineelementsn themachinej.e. theorderin which they appeain theacceler
atoror beamline.

Thesedefinitionsarehelpedby a well adaptedanddefinedinputlanguage.

2 MAD-X language

For the definition of a machineandthe executionof actions,aninputlanguages usedfollowing awell
definedsyntaxandgrammar

2.1 Coordinate system

A circularor linearmachinen MAD-X is asequencef elementgplacedalongthereferencerbit which

is definedasthe paththroughthe ideal magnetsof a chaged particle with the referencemomentum
(Fig. 1). This definesthe coordinatesystem(X, y, s) wherex is thetrans\ersecoordinaten thebending
plane(usually horizontal,positive valuesto the outside)andy is the orthogonaltrans\ersecoordinate
(usuallyvertical, positive valuesupward). Thelocal variables is the tangento the referenceorbit. The

coordinatesystemis thereforea local systemmoving alongthereferencepath.

2.2 Conventions

Units:
For all computationdMAD-X usesSl units,i.e. in particularmetreandradianfor lengthandangle.

Input:

The MAD-X input consistof a sequencef statementgcommandsactions,or declarationsetc.). All
statementarefreeformatwith ”,” asseparators;anoccupy ary numberof linesandareterminatedoy
asemicolon’;”.



Actual orbit

Reference orbit

Figurel: Local coodinatesystemasusedby MAD-X.

Blank lines have no effect. All statementsre not casesensitve with the exceptionof stringsen-
closedin” ”.

Command®r statementsanbe givenalabelwhich allows themto be usedor re-usedateron:
LABO1: mycommand,

Comments:

A singleline (notastatemenacrossseverallines!) canbecommentedy "!” or”//”. A regionof lines
canbecommentedy enclosinghembetweeri/*” and™/”.

2.3 Variablesand expressions

Parameter values:

Integeror floating point numberscanbe assignedo namedparametersindcanbe usedin furtherdec-
larationsor commandse.g.:

LENDIP = 8.0;

Variousnamegkeywordsusedby MAD-X) areprotectecandcannotbe usedasvariablesor labels.
The numericalvalueof anassignmentanbereplacedoy anexpressiong.g.:
LNFX = 6912.00/(NCELL*(4*LBEND+ 2*LQUAD));

Expressions:

Parameterandvariablescanbe usedin expressionsin particularto definedependentjuantities.Stan-
dardarithmeticoperationsandfunctionssuchas SQRT (), EXP(), trigonometricfunctionsetc. canbe
usedin the expressionsaswell asrandomnumbergenerator$l, 2].

E.g.: ANGLE = 2.0*PI/NBEND;

cancomputethe bendingangleof a dipole, giventhe total numberof bendingmagnetgnbend). The

constantP/ is predefinedn MAD-X, togethemwith mary otherimportantconstantandparticleprop-
erties.



Deferred expressions:
The usualexpressionsareevaluatedoncewhenthe parameters used,
e.g.DX = GAUSS()*0.001;
assignsaarandomnumberfollowing a Gaussiaristribution with awidth of 1 mmto the parametebX.
This valueis keptin all computations.
A deferred expressions declaredby ":=" insteadof "=" andis evaluatedevery time the parameters
usede.g.:
DX := GAUSS()*001;
assignsaadif ferent randomnumbereverytimethe parameteDX is usedin the program
The distinctionbetweenmnormaland deferredexpressiondecomesmportantfor errorassignment
andmatching.

3 Machine description

3.1 Thick andthin elements

For the calculationsthe elementsanbe definedeitherasso-calledthick lenseswith afinite lengthor
asso-calledthin lenseswith zerolength. In thelatter case the effectsof anelement(e.g. amagneton
the beamarerepresentedsimpulses(kicks) at a fixed value s on the referenceorbit. This simplifies
thetreatmensinceit allows to treatthe machineasa seriesof lineartransformationseparatedby the
"kicks” at the positionsof the thin elements.This methodis very fastandsymplecticby construction
andit is thereforebestsuitedfor particletracking.

The disadwantageis the lossof precisionwhenthe magnetsarevery long (comparedo the size of
themachine)r whenfringefieldsareimportant.Part of this precisioncanberecoveredby sub-dviding
themagnetsnto slices, i.e shortersectionsgachrepresenting thin lens.

3.2 Elementdefinition

Elementsaredefinedusingthe conceptof elementclassesAll quadrupolesn a machinebelongto the
classQUADRUPOLE.We candefinesubclassewith differentpropertiesvith statementfike:

MQL: QUADRUPOLE,L=5.0;
MQS: QUADRUPOLE,L=1.5;

wherewe definetwo classegMQL and MQS) of quadrupolef differentlength (thick elements).
Thedefinitionscanbe usedto definetherealquadrupoledikee.g.:

QFLO1: MQL; // Focusingquadrupoles
QFS01:MQS;

QDLO01: MQL; // Defocusingguadrupoles
QDS01:MQS;

The quadrupolesiefinedlik e this inherit all propertiesof the classunlessthey are specifiedexplicitly,
in which casethey areoverwritten. All numericalattributesin a classdefinitioncanbe expressions.
Dipole magnetsanbedefinedasrectangulaRBEND) or sector(SBEND)bendingmagnetsE.g.:

MBL: RBEND, L=14.3;
MBS: RBEND, L=5.0;



Thelengthof arectangulabendingmagnets by defaultthearclength. All detailson the definition of
bendingmagnetsarefoundin thereferencemanual[1, 2].

3.3 Elementstrength definition
3.3.1 Dipoles
Thestrengthof abendingmagneis specifiedoy thebendingangleor alternatvely the dipolecoeficient

ko:
ky = —B, [in T]| = = = ) d
0 = 7B [in T] ; l [in rad/m |

In the lattercase afinite lengthmustbe specified.
Thedefinitionfor adipole magnets:

1 angle

MBO0O01: RBEND, L=14.3,ANGLE=2*P1/1132; /I Totalnumberof dipolesis 1132
or, alternatvely:

MBO0OO1: MBL, ANGLE=2*P1/1132; // Totalnumberof dipolesis 1132

usingthe definedsub-class.

3.3.2 Quadrupoles

We definea quadrupoléy its quadrupolecoeficient k;:

which s definedas:
' 1 6B
1

- L tym)| = o]

We definequadrupoless:

QF007:QUADRUPOLE,L=5.0,K1 = +0.00147235;
QDO007: QUADRUPOLE,L=5.0,K1 =-0.00147235;

or usingsub-classes:

QF007:QFL, K1 = +0.00147235;
QD007:QDL, K1 = -0.00147235;

3.3.3 Sextupoles

Higherordermultipolessuchassextupoleswe candefineas:
SFO07:SEXTUPOLE,L=1.4,K2 =+0.00147235;

with:

1 6B
ko g

:]%523:
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3.3.4 Orbhit correctors

Orbit correctiondipolesareidentifiedby thekeyword KICKER. Thestrengthof anorbit correctoris the
deflectionangle(KICK) measuredh rad. Valid definitionsare:

LKICK =0.1;

MCVO01: VKICKER, L=0.1,KICK:=KCVO01,

MCV02: VKICKER, L=LKICK, KICK:=KCV02;

MCHO1: HKICKER, L=LKICK, KICK:=KCHO01,

MCO001: KICKER, L=0.1, VKICK:=KXV001, HKICK:=KXH001;

The classVKICKER or HKICKER referto orbit correctorsfor the vertical and horizontalplanesre-
spectvely. Theattribute K IC K refersto the correspondingplaneonly. The singleclassKICKER can
be usedto specifyorbit correctordor both planes.In thatcase two attributes H K ICK andV KICK
areneededo separatehe functionsin thetwo planes.

In the above example,the correctorsandtheir strengthsare given individual nameswhich allows
to setthem explicitly to independentalues. For the standardorbit correctionwith MAD-X this is
however not alwaysnecessaryThedeclaration®f thekicks asdeferredexpressionsallows thekicks to
be changedxplicitly or by the program.

3.4 Multipoles

A specialclassof elementss definedwith the keyword MULTIPOLE. Thesearegeneralelementsof
zerolength(thin lenseslandcanbe usedwith oneor morecomponent®f ary order All thin elements
canbewritten asmultipolesin the form:

MPM: MULTIPOLE;

MPLEO1: MPM, LRAD=0.0, TILT=angle,
KNL:{knoL, knll_, anL, kngL,....},
KSL:{ksoL, kle, kSQL, ksgl_,},

The componentKNL andKSL arethe normalandskew component®f the multipole multiplied by
therelevantmagnetidength. Notethatthe strengthdefinitionsarepositiondependentherefordeading
zeroeamustbefilled for componentshatdo not exist. The attribute LRAD is afictitious length,which
is only usedto computesynchrotrorradiationeffects. For the computationof lattice functionsetc., it
canbesetto somedummyvalue.

Usingmultipoles,a thin quadrupolecanbe definedas:

QFT. MPM, LRAD=0, KNL={0, k,,;L, 0,0 };
Thethin lensversionof a dipolewould bewritten as:

MBT: MPM, LRAD=0, KNL={k,,L, 0,0,0 };

3.5 Markers

TheelementclassM ARK E'R is usedto insertaninactive elementat a positions for lateruse,e.g. as
areferenceThesyntaxis:

START_IP: MARKER, AT = 1839.872,;



If presenin asequencehelatticefunctionsarecalculatedattheir positionsandthey play animportant
role for matching.
A completdist of keywordsandpre-definecklementclassess foundin thereferencenanuall, 2].



3.6 Elementpositionin a SEQUENCE

The representationf the machineis calleda sequence. It definesthe orderin which the elementsap-
pearin theacceleratoor beamline. In asimplecaseasequenceanbedefinedike:

seqgname:SEQUENCE,REFER=CENTRELENGTH=6912.00;

MQFO05: MQL, AT = 256.0000;

BPMHO05: MONITOR, AT = 1.75,FROM=MQFO5;
MCHO5 : HKICKER, AT = 2.10,FROM=MQFO05;
MBL05.002: MBL, AT = 265.9000;

MBL05.002: MBL, AT = 278.1000;

MQDO5: MQL, AT = 288.0000;

BPMVO05: MONITOR, AT = 1.75,FROM=MQDO5;
MCVO5 : VKICKER, AT = 2.10,FROM=MQDO05;
MBL05.003: MBL, AT = 297.9000;

MBL05.004: MBL, AT = 310.1000;

ENDSEQJENCE;

The keywords SEQUENCE and ENDSEQJENCE definethe beginning and end of the definition
andthe sequencés assigned hameseq_name.

The statementdook familiar and the additional attribute AT definesthe position relative to the
beginning of the sequenceA positionrelative to anexisting elementcanbe assignedvith the F RO M
attribute. The total LENGTH of the sequencas specifiedon the headerine of the sequence.The
positionscan be definedat the CENTRE,ENTRY or EXIT of an element,indicatedby the REFER
attribute. The namesgivento the elementsmustbe unique,i.e. mustnot appeartwice in the same
sequence.

Severalsequencewith differentnamescanbe definedin the samefile.

In the exampleabove we have assignedhe positionto namedelements. A secondpossibilityis to
useclassnamedikein:

MBL: MBL, AT = 278.1000;
MQD: MQD, AT = 288.0000;
BPM: BPM, AT = 1.75,FROM=MQDO5;
MCV: MCV, AT = 2.10,FROM=MQDO5;
MBL: MBL, AT = 297.9000;
MBL: MBL, AT = 310.1000;

assumingBPM, MCV etc. have beendefinedasclassedefore.In this caseall elementdave the same
namewhichis the nameof the classandthey cannotbe distinguishedy name.

Finally, a previously definedsequenceanbeinsertedallowing the possibilityto nestsequencedn
theexamplelin theappendiX have definedacompletemachineusingthecommandslreadydiscussed
upto now. Thedipolesaredefinedasthin elementsvhereagshequadrupolesndsextupoleshave afinite
length.



3.7 Usingrepetitive definition for periodic machines

The sequencef a periodicmachineor the periodicpartof amachinecanbe definedusingthe MAD-X
macrocommands.After the usualdefinition of the cell lengthlicell, the half lengthof a quadrupole
lquad?2 andthe numberof cellsncell, thewhole machinecanbe definedwith awhile-loop:

n=1;

while (n < ncell+1) {

qf: qf, at=(n-1)*1lcell+lquad?2;
1sf: 1sf, at=(n-1)*1lcell+lquad2+2.5;
ch: ch, at=(n-1)*1lcell+lquad2+3.1;
bpm: bpm, at=(n-1)*1lcell+lquad2+3.2;

mbsps: mbsps, at=(n-1)*1lcell+lquad2+3.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+9.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+22.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+28.50;

qd: qd, at=(n-1)*1lcell+lquad2+32.00;
1sd: 1sd, at=(n-1)*1cell+lquad2+34.50;
cv: cv, at=(n-1)*1cell+lquad2+35.10;
bpm: bpm, at=(n-1)*1cell+lquad2+35.20;

mbsps: mbsps, at=(n-1)*1lcell+lquad2+35.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+41.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+54.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+60.50;

n=n-+1;

}

Thetwo typesof sequencelefinitionsareentirely equialent.
A completedefinitionusingthis techniques givenin example2 in the appendixl.2. The MAD-X
commandsndtheresultingoutputareidenticalto examplel.

4 MAD-X commands

In additionto the statementsvhich areusedto definea machine ,the MAD-X commandsare usedto
defineand executeactionson the machinesg.g. calculationsof Twiss functions, /O of the lattices,
particletrackingetc. An importantpartof the designproceduras lattice matching,i.e. to vary element
parametergo make machineproperties(e.g. Twiss functions)assumingdefinedvaluesat specified
positions(e.g. interactionpointsetc.). A completedescriptionof all MAD-X commandss foundin
[1, 2]. Herel shalllist the mostimportantcommandsvhich arenecessaryo do the basiccalculations.

4.1 BEAM command

Someof the MAD-X actionsrequirethe knowledgeof the beamproperties.They aredefinedwith the
BEAM command:

BEAM, PARTICLE=name ENERGY=xxx,SEQJENCE=sname,
Thenameof the particletype canbegivenaswell asthe particlesenegy. Thepropertiefe.g.massand
chage) of the mostimportantparticlesareknown to MAD-X. Alternatively, the massandchage can

bespecifiedwith MASS = andCHARGE=. Whenthe SEQUENCEattributeis given,it will assigrnthe

9



beamonly to this particularsequencegtherwiseto the active sequenceA completelist of all possible
beamquantitiess foundin [1, 2].

4.2 Input definition

MAD-X statementandcommandganbe givenon the standardnput or canbereadfrom afile with:
CALL,FILE="filename”;

This file cancontainone or more sequencespart of a sequencer commandsandis insertedat the
positionof thecall.
After asequencéasbeenread,it canbe usedwith:

USE,PERIOD=sname;

Thiscommandwill expandthe specifiedsequencensertthedrift spacesandmake it active.

4.3 MAD-X actions

MAD-X actionsareexecutedto performoperationson the availablemachines.To calculatethe linear
lattice functions(Twiss parametersaroundthe machinetheaction:

TWISS;

must be executed,which operateson the sequencealefinedin the last USE command. However, a
sequenceanbe specifiedexplicitly onthe TwisscommandA summarytableis givenafterexecution.
4.4 MAD-X output

TheTW 1S5S commandcanbe modifiedto specifythe wantedoutput:

SELECTFLAG=TWISS,COLUMN=MME,S,MUX,BETX,MUY,BETY:
TWISS,FILE="twiss.out™;

In the SELECT commandthe lattice functionswantedcan be specifiedbefore TWISS is executed.
The full list of the lattice functionsis givenin [1, 2]. The lattice functionsare written into the file
"twiss.out”.

The SELECTcommandcanbe usedto restrictthe outputto only arange or type of elements:

SELECTFLAG=TWISS,RANGE=bg/end,;
or: SELECTFLAG=TWISS,RATTERN="Q.*”;

The first will output the lattice functionsonly within the specifiedrangeand the secondwould re-
strict the outputto all elementsstartingwith the specifiedpatternin theelementname.The SELECT
commandsctfor thedesiredaction(FLAG=) andcanbe accumulatedr overwritten.

4.5 MAD-X graphical output
MAD-X hasanbuiltin graphicsgpackageTo plot latticefunctionsfor example,the commandsequence:
SELECTFLAG=TWISS;

TWISS,FILE="twiss.beta”,
PLOT, HAXIS=S, VAXIS=BETX, BETY;
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may be usedto plot the horizontalandvertical 5-functionsasa functionof the positions. TheRANGE
attribute canbe usedwith the PLOT command.An outputfile anda PS-filearewritten simultaneously

For detailsandall optionsseeg[1, 2].

4.6 MAD-X example

In the secondpart of examplel the necessaryMAD-X commandsare givento calculatedthe lattice
functionswith the TWISS commandwrite themonto a file andplot themin postscriptformat. At the

eandof the executionof a TWISS commanda summarytableis printed:

++++++ table:

length
6.9120000e+03

ql
2.6580000e+01

dxrms
1.9304378e+00

dqg2
-3.3598479e+01

ycomax
0.0000000e+00

summ

orbitb
-0.0000000e+00

dql
-3.3561557e+01

xcomax
0.0000000e+00

betymax
1.0749730e+02

ycorms
0.0000000e+00

alfa
1.6807003e-03

betxmax
1.0754431e+02

xcorms
0.0000000e+00

dymax
0.0000000e+00

deltap
0.0000000e+00

gammatr
2.4392418e+01

dxmax
2.5680113e+00

q2
2.6620000e+01

dyrms
0.0000000e+00

The main parameter®f the lattice are summarizedn this table, suchashorizontalandvertical tunes
(Q1,Q2), chromaticitiegDQ1,DQ2), etc.

Thelatticefunctionsg, andD,, areplottedby theabore commandsequencasshovnin Fig.2. The
functionsareplottedbetweerthe 10thand16thquadrupoleof the classQD asspecifiedn theRANGE
attribute.

As requestedthe lattice functionsarewritten to afile "twiss.out” andits formatis shavnin the last
partof appendixl. At the beginningof thisfile the basicparameteraresummarizedhgain.
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5 Matching with MAD-X

The adjustmenbf machinepropertiesj.e. matching,is a vital part of the designprocessanda detail
descriptionis beyondthe scopeof this introduction. However somevery basicfeatureswill bedemon-
stratedoy someexamples.A basictutorial on somematchingtechniquess foundin [4, 5].

5.1 Global matching

Someglobalmachineparametersuchastuneor chromaticitycanbe adjustedby globalmatching.The
following two exampleareusedasa demonstration:

MATCH, SEQUENCE=CASSPS;
VARY,NAME=KQF, STEP=0.00001;
VARY,NAME=KQD, STEP=0.00001;
GLOBAL,SEQUENCE=CASSPS,Q1=26.58;
GLOBAL,SEQUENCE=CASSPS,Q2=26.62;
LMDIF, CALLS=10, TOLERANCE=1.0E-21;
ENDMATCH:

MATCH, SEQUENCE=CASSPS,;
VARY,NAME=KSF, STEP=0.00001;
VARY,NAME=KSD, STEP=0.00001;
GLOBAL,SEQUENCE=CASSPS,DQ1=0.0;
GLOBAL,SEQUENCE=CASSPS,DQ2=0.0;
LMDIF, CALLS=10,TOLERANCE=1.0E-21;
ENDMATCH;

The matchingattributesandcommandsareencloseeteerthe match andendmatch statementsThe
desiredsequencesan be specified. In the first examplethe global horizontaland vertical tunesare
matchedo the desiredvalues. The strengthsof the main quadrupolegkq f andkqd) arevariedin the
procedure.In the secondexamplethe global chromaticitiesare matchto zero, by variationof the sex-

tupolestrengthscs f andksd. Otherattributescontrolthe methodusedandthe quality of theprocedure.
The new valuesof the strengthsarenow associateavith the sequenceThe following executionof the

TWISS commandwvould thereforeproducethe new parameters.

NOTE: thelatteris only truewhenthe quadrupolestrengthsaaredefinedusingdeferredexpressionsi.e:

QF: QUADRUPOLE,K1:=KQF;

Otherwisethe new strengthsk' Q F' and K'(Q D arecalculatedall right, but not assignedo the elements.
I.e. they will notbeusedin subsequentalculationsg.g.computinglattice functionswith theTW 1SS
command.

5.2 Local and insertion matching

Probablythemostimportantmatchingproceduresrethosewhich areusedto modify thelatticelocally,
e.g. for insertingnon-periodicregionsfor experiments,collimation systemsetc. In orderto avoid a
distortionof otherpartsof themachinethematchingmustberestrictedo thelocal regionandadditional
constraintsmustensurehe smoothcontinuationinto the periodicpartof the machine.

The examplebelow is a simple matchingof a symmetriclow (-insertionusing four independent
quadrupoles.The matchingis restrictedto the rangebetweenthe elementde ft andright wherethe
normallattice parameteraregivenasconstraintsFor moredetailson this exampleseg[5].
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MATCH, SEQJENCE=CASCELL5,RANGE=LEFT/RIGHBETX=28.2,BETY=87.0;
VARY,NAME=KQ1.L, STEP=0.00001,

VARY,NAME=KQ2.L, STEP=0.00001,

VARY,NAME=KQ3.L, STEP=0.00001,

VARY,NAME=KQ4.L, STEP=0.00001,
CONSTRAINTRANGE=RIGHTSEQUENCE=CASCELL5,BETX=28.2,BETY=87.0;
CONSTRAINTRANGE=IRSEQUENCE=CASCELL5,BETX=10.0,BETY=1.0;
LMDIF, CALLS=100,TOLERANCE=1.0E-21;

ENDMATCH;

5.3 Example: matching a vertical orbit bump

As anexamplel shav thecommandso matcha verticalorbit bumpof 5 mm atamonitor. Threeverical
orbit correctorsareusedto createandclosethe bump.

// Matchavertical orbit bumpof 5 mm at monitorBPMV8

MATCH,ORBIT;
CONSTRAINTRANGE=BPMV5,Y=0.0,PY=0.0; // make surebumpis closed
CONSTRAINTRANGE=BPMV8,Y=0.005; / bumpis 5 mmvertical

CONSTRAINTRANGE=BPMV11,Y=0.0,PY=0.0; // make surebumpis closed
VARY,NAME=KCV7,STEP=0.0001;

VARY,NAME=KCV9,STEP=0.0001;

VARY,NAME=KCV10,STEP=0.0001;

LMDIF,CALLS=100,TOLERANCE=1.0E-20;

ENDMATCH;

The completeexamplecanbe found asexample3 in the appendix.It usesthe sequencasdefinedin
example4 (macrodefinition,seelater). Theresultingvertical orbit is shovn in Fig.3.

Ak R I

0.011 _€assps MAD-X 1.11 03/03/04 11.39.03
E J y |
0.009 4 -

0.007 - 4
0.005 B
0.003 B

0.001 A

-0.001 T : : . : : :
100. 300. 500. 700. 900.
s (m)

Figure3: \ertical orbit bumpasexamplefor local matding.
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6 Error definition

During the designprocessof a machineit becomesmportantto testit againstimperfections.For that
purpose,alignmentandfield errorscan be assignedo all machineelements. The calculationswill

take theseimperfectionsnto accountandcorrectionprocedurege.g. orbit correction)areavailablein
MAD-X to testpossiblecorrectionstrateies.

6.1 Alignment errors

The elementdn a machinecanbe misalignedwith the availableMAD-X erroractions. The command
sequence:

SELECT FLAG=ERROR, CLASS=MQ;
EALIGN, DX:=GAUSS()*0.0005DY:=GAUSS()*0.0002;

assignsalignmenterrorsto all quadrupoledelongingto the classMQ with ar.m.s. valueof 0.5 mm

in the horizontaland0.2 mm in the vertical plane,bothfollowing a Gaussiardistribution. In thatcase
againthe useof deferredexpressionss of utmostimportance.To assignthe errors,the programsteps
throughthe sequenceandfor every elementof the selectectlassthe correspondingnisalignment©X

andDY areevaluatedeachtime. Usingthe standardexpressionthe misalignmentdDX andDY are
calculatedonce and all elementsof the selectedclassget the sameerror For a completelist of all

misalignmenbptionssee[1, 2].

6.2 Field errors

The programallowsto assigrfield errorsof arny orderto the machineelementsith commanddik e:

SELECT FLAG=ERROR, CLASS=MB;
EFCOMP RADIUS:=0.017,0RDER:=0,

DKNR:={0,0,GAUSS()*7E-4,GAJSS()*1E-4,0,0,
DKSR:={0,0,GAUSS()*3E-4,GAJSS()*6E-4,0,0,

In thisexamplenormalandskew field errors(sextupoleandoctupole)areassignedo dipole magnetf

theclassMB. It is possibleto assigrabsoluteor relative field errors thelatternormalizedo thestrength
of the correspondinglement.The RADIUS (referencedor the measuremennd ORDER controlthis

behaiour. For adetaileddiscussiorseg[1, 2].

7 Orbit correction

A misalignedmachinecanbe correctedusingthe MAD-X orbit correctionprocedureg6]. Theinput

datais takenfrom thelast TWISStable,i.e. TWISS mustrun beforea correctioncanbe executed.
Very basicclosedorbit correctionstatementsreof theform:

CORRECTPLANE=X, NCORR=20 ERROR=1.0E-04;

or

CORRECTMODE=SVD;

For all detailsandoptionssee[1, 2, 6].
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8 Advancedoptionsand commands

MAD-X hasmary more featuresand commandsfor advanceddesignand evaluationof accelerator
lattices. Most prominentare the evaluationof beamparametergin caseof radiation), geometrical
sunwy, trackingandphysicalanddynamicaperturedetermination.However, a full descriptionis well
beyond the scopeof this simplified introduction. To geta flavor, | shall give two examples,onefor a
simpletracking andanotherfor theadvanceduseof macros.

8.1 Particle tracking

Theexampleshavn belov demonstrategarticletrackingin MAD-X. It shovsthesimultaneousracking
of 20 particlesin horizontalphasespacewherethe particlesare distributedon a circle in x-px phase
space All commandsreencloseetweenhekeywordstrack andendtrack. Theinitial coordinates
of the particlesareassignedvith the commandstart andthetrackingis executedwith run.

Trackingin MAD-X is possibleusingthin lenses.A lattice definedwith thick elementshasto be
corvertedto thin lenseswith thecommand\/ AKX ET HIN beforethetrackingcanbedone.For details
onthecommandM AK ETHIN consultthereferencenanualll, 2].

MAKETHIN, SEQUENCE=CASSPS;
USE, SEQUENCE=CASSPS;
TRACK;

NSTEP = 20;

RAD = 100.0E-06;

ANGSTP = 2%PI/NSTEP;

N = 0;

WHILE(N <= NSTEP) {
ANG = N*ANGSTP;

XS RAD*COS (ANG) ;
XPS = RAD*SIN(ANG);
VALUE, XS,XPS;
START, X=XS,PX=XPS;
N=N*+1;

}

RUN, TURNS=1024 ;
ENDTRACK ;

STOP;

Theuseof trackingmayrequireadditionalattributesin theBEAM command.-Theabove exampleshowvs
the power of theinputlanguage.

8.2 Useof macros

The power of the MAD-X input languagds further enhanceday the useof macros. For illustration,
example?2 in the appendixhasbeenmodified.. For somecasesit is requiredthat the elementshave
distinctnames(e.g. whereall elementanustbe treatedasseparat@bjects,suchasorbit corrections).
This canbe easilydoneby editingexamplel, whereevery elements listed on a separatdine. Editing
theexample2 with thewhile loopwouldfail becauséwo elementsnustnothave thesamename.Using
themacrolanguagethewhile loop canbe modifiedlik e in example3 in appendixl.3. Thedefinitionof
acell is now donewithin the subroutineinst. This subroutingakesinput parametergérom the calling
MAD-input andmostimportant,canchangehenameof theelementsusingtheinputinformation. The
resultof this schemas the sameasbefore,however the orbit correctorstheir correspondingtrength
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parameteraindthe beampositionmonitorsarenow numberedsequentially A MAD-X input file and
the correspondingiwiss outputare shavn in the secondpart of example3. Theincreasingsequence
numbersas part of the elementnamesare now clearly visible. In this examplethe quadrupoleshave
beenmisalignedin the two planesfollowing a Gaussiardistribution with 0.1 mm and0.2 mm r.m.s.
respectily.

Thereforethe horizontalandvertical orbit is distortedandthe maximumandr.m.s. valuescanbe
foundin the Twisssummarytable.

9 Howtorun MAD-X ?

MAD-X canberun eitherinteractvely or in batchmode.
9.1 Interactive mode

To run MAD-X interactiely, onecanexecuteMAD-X andinputthe commandsaindstatementsn the
commandine of the standardnput.

Alternatively, oneor morefiles with commandsndstatementsanbe readusingthe command:
CALL,FILE=" filename™,

9.2 Batch mode

MAD-X canbe run asa backgroundof batchprogramby redirectingan input file into the MAD-X
standardnput. For UNIX (LINUX) like:
madx< input file

Theoutputis normally sendto the standardutput,unlesst is redirected.
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10 APPENDIX 1

In the following, | list afew exampleswhich may be referencedn thetext. For all caseghe sequence
definitionis foundin thefirst partanda MAD-X inputfile to usethe sequenceés givenin the second
partof eachexample.All examplescanbefoundonthewebin [7].

10.1 APPENDIX 1.1: Example 1, Simplestcase
10.1.1 Sequencelefinition (spsall.seq)

// define the total length
circum=6912.00;

// define number of cells and therefore cell length
ncell = 108;
lcell = circum/ncell;

// define lengths of elements and half lengths
lquad = 3.085;

1mb 6.260;

lsex 1.0;

// forces and other constants;
// element definitions;

// define bending magnet as multipole
mbsps: multipole, lrad=dummy, knl={2.0%*pi/(8*ncell)};

// define quadrupole and their strengths
gsps: quadrupole, 1l=lquad;

gf: gsps, kl:=kqf;

qd: gsps, kl:=kqd;

kqf = 1.4631475E-02;

kqgqd = -1.4643443E-02;

// define sextupoles for chromaticity correction
1sf: sextupole, 1l=lsex,k2:=ksf;

1sd: sextupole, 1l=lsex,k2:=ksd;

ksf = 2.0284442E-02;

ksd = -3.8394267E-02;

// define orbit correctors and beam position monitors
bpm: monitor, 1=0.1;
ch: hkicker, 1=0.1;
cv: vkicker, 1=0.1;

cassps: sequence, refer=centre, 1 = circum;
start_machine: marker, at = O;

qf, at = 1.5425;

1sf, at = 4.0425;

ch, at = 4.6425;
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bpm, at = 4.7425;

mbsps, at = 5.0425;
mbsps, at = 11.4425;
mbsps, at = 23.6425;
mbsps, at = 30.0425;

qd, at = 33.5425;
1sd, at = 36.0425;
cv, at = 36.6425;
bpm, at = 36.7425;

mbsps, at = 37.0425;
mbsps, at = 43.4425;
mbsps, at = 55.6425;

mbsps, at = 62.0425;
qf, at = 65.5425;
1sf, at = 68.0425;
ch, at = 68.6425;
bpm, at = 68.7425;
mbsps, at = 69.0425;

mbsps, at = 75.4425;
mbsps, at = 87.6425;
mbsps, at = 94.0425;

qd, at = 97.5425;

1sd, at = 100.0425;
cv, at = 100.6425;
bpm, at = 100.7425;

mbsps, at = 101.0425;
mbsps, at = 107.4425;
mbsps, at = 119.6425;
mbsps, at = 126.0425;

qf, at = 129.5425;
1sf, at = 132.0425;
ch, at = 132.6425;
bpm, at = 132.7425;

mbsps, at = 133.0425;
mbsps, at = 139.4425;
mbsps, at = 151.6425;
mbsps, at = 158.0425;

qd, at = 161.5425;
1sd, at = 164.0425;
cv, at = 164.6425;
bpm, at = 164.7425;
mbsps, at = 165.0425;

mbsps, at = 171.4425;
mbsps, at = 6775.6425;
mbsps, at = 6782.0425;

qf, at = 6785.5425;
1sf, at = 6788.0425;
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ch, at = 6788.6425;
bpm, at = 6788.7425;
mbsps, at = 6789.0425;

mbsps, at = 6795.4425;
mbsps, at = 6807.6425;
mbsps, at = 6814.0425;

qd, at = 6817.5425;
1sd, at = 6820.0425;
cv, at = 6820.6425;
bpm, at = 6820.7425;
mbsps, at = 6821.0425;

mbsps, at = 6827.4425;
mbsps, at = 6839.6425;
mbsps, at = 6846.0425;

qf, at = 6849.5425;
1sf, at = 6852.0425;
ch, at = 6852.6425;
bpm, at = 6852.7425;
mbsps, at = 6853.0425;

mbsps, at = 6859.4425;
mbsps, at = 6871.6425;
mbsps, at = 6878.0425;

qd, at = 6881.5425;
1sd, at = 6884.0425;
cv, at = 6884.6425;
bpm, at = 6884.7425;

mbsps, at = 6885.0425;

mbsps, at = 6891.4425;

mbsps, at = 6903.6425;

mbsps, at = 6910.0425;
end_machine: marker, at = 6912.00;
endsequence;

10.1.2 MAD-X directives

TITLE, s=’MAD-X test’;
// Read input file with machine description
call file="spsall.seq";

option,-echo;

// Define the beam for the machine
Beam, particle = proton, sequence=cassps, energy = 450.0;

// Use the sequence with the name: cassps
use, period=cassps;

// Define the type and amount of output for the action TWISS
select,flag=twiss, column=name,s,Xx,y,mux,betx,muy,bety,dx,dy;
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// Execute the Twiss command to calculate the Twiss parameters

// Compute at the centres of the elements and write to: twiss.out

twiss,centre,file=twiss.out;

// Plot the horizontal and vertical beta function between the

// 10th and 16th occurence of a defocussing quadrupole

plot, haxis=s, vaxis=x, betx, bety,colour=100,
range=qd[10]/qd[16];

plot, haxis=s, vaxis=dx,

range=qd[10]/qd [36] ;

stop;

10.1.3 TWISS summary table

++++++ table:

length

6.9120000e+03

ql
2.6580000e+01

dxrms
1.9304378e+00

dqg2
-3.3598479e+01

ycomax

0.0000000e+00

summ

orbitd
—-0.0000000e+00

dql
-3.3561557e+01

xcomax
0.0000000e+00

betymax
1.0749730e+02

ycorms
0.0000000e+00

colour=100,

alfa
1.6807003e-03

betxmax
1.0754431e+02

xcorms
0.0000000e+00

dymax
0.0000000e+00

deltap
0.0000000e+00
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2.4392418e+01

dxmax
2.5680113e+00

q2
2.6620000e+01

dyrms
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10.1.4 TWISS lattice functions written to the file "twiss.out”

P ¥ © 0 0 00 OO B B B OB OV B OB B OB BB OV B B OB B O B B O B B B © ©

NAME
TYPE
SEQUENCE
PARTICLE
MASS
CHARGE
ENERGY
PC
GAMMA
KBUNCH
BCURRENT
SIGE
SIGT
NPART
EX
EY
ET
LENGTH
ALFA
ORBITS
GAMMATR
Q1
Q2
DQ1
DQ2
DXMAX
DYMAX
XCOMAX
YCOMAX
BETXMAX
BETYMAX
XCORMS
YCORMS
DXRMS
DYRMS
DELTAP
TITLE
ORIGIN
DATE
TIME
NAME
%s
"CASSPS$START"
"START_MACHINE"
"QF"
"DRIFT_O"
"LSF"
"DRIFT_1"

103.8655173
103.8655173
107.5443192
103.7300292
101.2568359

%05s "TWISS"
%05s "TWISS"
%06s "CASSPS"
%06s "PROTON"
%hle 0.938271998
hle 1
%le 450
%le 449.999021827
%le 479.605062241
%le 1
hle 0
%le 0
%hle 0
%hle 0
hle 1
hle 1
hle 1
%le 6912
%le 0.00168070032886
hle -0
%hle 24.3924182122
%hle 26.58
%le 26.62
%le -33.5615573373
%le -33.5984799903
%le 2.5680113011
hle 0
%hle 0
%hle 0
%hle 107.544319159
%hle 107.497305443
hle 0
hle 0
%le 1.93043782638
hle 0
hle 0
%01s "s"
%16s "MAD-X 1.11 Linux"
%08s "23/10/03"
%08s "11.36.14"

S BETX

%le %le

0

0

1.5425

3.11375

3.6425

4.5925

96.90195183
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523441048

.523441048
.568011301
.521784419
.491316849
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"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_3"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_4"
"QD"
"DRIFT_O"
"LSD"
"DRIFT_1"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_3"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_4"
"QF"
"DRIFT_O"
"LSF"
"DRIFT_1"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_3"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_4"
"QD"
"DRIFT_O"
"LSD"
"DRIFT_1"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_3"
"MBSPS"
"DRIFT_2"
"MBSPS"
"DRIFT_4"
"QF"

5.0
8.2
11
17.
23.
26.
30.
31
33.
35.
35.
36.
37.
40.
43.
49.
55.
58.
62.
63.
65.
67.
67.
68.
69.
72.
75.
81
87.
90.
94.
95.
97.
99.
99.

100.
101.
104.
107.
113.
119.
122.
126.
127.
129.

425
425

.4425

5425
6425
8425
0425

.02125

5425
11375
6425
5925
0425
2425
4425
5425
6425
8425
0425
02125
5425
11375
6425
5925
0425
2425
4425

.5425

6425
8425
0425
02125
5425
11375
6425
59256
0425
2425
4425
5425
6425
8425
0425
02125
5425

94.
.22989411
.87370326
48.
33.
27.
22.

81
68

21

81

87888064

90078374
62561103
4909994

64918345

.42644598
19.
20.
20.
22.
22.
27 .
33.
48.
68.
.22989411
94.
99.

51348873
35528979
93741261
07198555
64918345
4909994

62561103
90078374
87370326

87888064
31172846

107.5443192
103.7300292
101.2568359

96.
94.
.22989411
68.
48.
33.
27 .
22.

81

21

81

90195183
87888064

87370326
90078374
62561103
4909994

64918345

.42644598
19.
20.
20.
22.
22.
27.
33.
48.
68.
.22989411
94.
99.

51348873
35528979
93741261
07198555
64918345
4909994

62561103
90078374
87370326

87888064
31172846

107.5443192
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.410646213
.249527296
.08840838

.825635993
.562863606
.448286904
.333710202
.305783529
.255914454
.278677181
.293764004
.320870352
.333710202
.448286904
.562863606
.825635993
.08840838

.249527296
.410646213
.467043631
.568011301
.521784419
.491316849
.43657606

.410646213
.249527296
.08840838

.825635993
.562863606
.448286904
.333710202
.305783529
.2556914454
.278677181
.293764004
.320870352
.333710202
.448286904
.562863606
.825635993
.08840838

.249527296
.410646213
.467043631
.568011301



10.2 APPENDIX 1.2: Example 2, Useof WHILE command
10.2.1 Sequencelefinition (sps.seq)

// define the total length
circum=6912.0;

// define number of cells and therefore cell length
ncell 108;
lcell = circum/ncell;

// define lengths of elements and half lengths
lquad = 3.085;

lquad2 = lquad/2.;

lsex = 1.0;

// forces and other constants;
// element definitions;

// define bending magnet as multipole
mbsps: multipole, lrad=dummy, knl={2.0%*pi/(8+*ncell)};

// define quadrupole and their strengths
gsps: quadrupole, l=lquad;

gqf: gsps, kl:=kqf;

qd: gsps, kl:=kqd;

kqf = 1.4631475E-02;

kqd = -1.4643443E-02;

// define sextupoles for chromaticity correction
1sf: sextupole, l=lsex,k2:=ksf;

1sd: sextupole, 1l=lsex,k2:=ksd;

kst = 2.0284442E-02;

ksd = -3.8394267E-02;

// define orbit correctors and beam position monitors
bpm: monitor, 1=0.1;
ch: hkicker, 1=0.1;
cv: vkicker, 1=0.1;

// sequence declaration;
cassps: sequence, refer=centre, l:=circum;
start_machine: marker, at = 0;

// This defines ONE cell, repeat NCELL times
// to get the full machine
// SPS has 8 bending magnets per cell

n=1;

while (n < ncell+l) {

qf: qf, at=(n-1)*1lcell+lquad?2;
1sf: 1sf, at=(n-1)*1lcell+lquad2+2.5;
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ch: ch, at=(n-1)*1lcell+lquad2+3.1;
bpm: bpm, at=(n-1)*1lcell+lquad2+3.2;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+3.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+9.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+22.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+28.50;

qd: qd, at=(n-1)*1lcell+lquad2+32.00;
1sd: 1sd, at=(n-1)*1lcell+lquad2+34.50;
cv: cv, at=(n-1)*1lcell+lquad2+35.10;
bpm: bpm, at=(n-1)*1lcell+lquad2+35.20;

mbsps: mbsps, at=(n-1)*1lcell+lquad2+35.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+41.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+54.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+60.50;

n=n-+1;
end_machine: marker at=circum;
endsequence;

10.2.2 MAD-X directives

TITLE, s=’MAD-X test’;

// Read input file with machine description
call file="sps.seq";
option,-echo;

// Define the beam for the machine
Beam, particle = proton, sequence=cassps, energy = 450.0;

// Use the sequence with the name: cassps
use, period=cassps;

// Define the type and amount of output for the action TWISS
select,flag=twiss,column=name,s,x,y,mux,betx,muy,bety,dx,dy;

// Execute the Twiss command to calculate the Twiss parameters
// Compute at the centres of the elements and write to: twiss.out
twiss,centre,file=twiss.out;

// Plot the horizontal and vertical beta function between the
// 10th and 16th occurence of a defocussing quadrupole
plot, haxis=s, vaxis=x, betx, bety,colour=100,
range=qd [10]/qd[16];
plot, haxis=s, vaxis=dx, colour=100,
range=qd[10]/qd [36] ;

stop;
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10.3 APPENDIX 1.3: Example 3, Matching a local orbit bump
10.3.1 MAD-X directives

// Read input file with machine description

// This machine is constructed with macro

// subroutine INST()

// Match a vertical orbit bump at monitor BPMV8
call file="spsmac.seq";

option,-echo;

// Define the beam for the machine
Beam, particle = proton, sequence=cassps, energy = 450.0;

// Use the sequence with the name: cassps
use, sequence=cassps;

// Match a vertical orbit bump of 5 mm at monitor BPMV8
match,orbit;

constraint,range=bpmv5,y=0.0,py=0.0;
constraint,range=bpmv8, y=0.005;
constraint,range=bpmv1l,y=0.0,py=0.0;
vary,name=kcv7,step=0.0001;

vary,name=kcv9,step=0.0001;
vary,name=kcv10,step=0.0001;
Imdif,calls=100,tolerance=1.0E-20;

endmatch;

// Define the type and amount of output

select,flag=twiss,class=monitor,column=name,s,X,pX,y,pPy;
select,flag=twiss,class=hkicker,column=name,s,X,pX,y,pPy;
select,flag=twiss,class=vkicker,column=name,s,X,pX,y,pPy;

// Execute the Twiss command to calculate the Twiss parameters
// Compute at the centre of the element and write to: twiss.out
twiss,save,centre,file=twiss.out;

// Plot the vertical orbit between the

// 1st and 20th beam position monitor

plot, haxis=s, vaxis=y,colour=100,
vmin=-0.001,vmax=0.011,
range=bpmv3/bpmvi3;

stop;
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10.4 APPENDIX 1.4: Example 4, Useof MAD-X macrosand imperfections
10.4.1 Sequencealefinition (spsmac.seq)

// define a subroutine "inst" to insert elements
// with numbering
// all strings "nx" in the macro are replaced by
// the input value of nx.
inst(nx,n,lcell,lquad2): macro = {
qf: qf, at=(n-1)*1lcell+lquad?2;
1sf: 1sf, at=(n-1)*1lcell+lquad2+2.5;
chnx: hkicker,1=0.0,kick:=kchnx,
at=(n-1)*1lcell+lquad2+3.1;
bpmhnx: monitor,1=0.0,
at=(n-1)*1lcell+lquad2+3.2;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+3.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+9.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+22.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+28.50;
qd: qd, at=(n-1)*1lcell+lquad2+32.00;
1sd: 1sd, at=(n-1)*1cell+lquad2+34.50;
cvnx: vkicker,1=0.0,kick:=kcvnx,
at=(n-1)*1cell+lquad2+35.10;
bpmvnx: monitor,1=0.0,
at=(n-1)*1lcell+lquad2+35.20;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+35.50;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+41.90;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+54.10;
mbsps: mbsps, at=(n-1)*1lcell+lquad2+60.50;

n=n-+1;

// define the total length
circum=6912.0;

// define number of cells and therefore cell length
ncell = 108;
lcell = circum/ncell;

// define lengths of elements and half lengths
lquad = 3.085;
lquad2 = lquad/2.;

lquad3 = 0.0;
1mb = 6.260;
1mb2 = 1mb/2.;
lsex = 1.0;

// forces and other constants;
// element definitions;
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// define bending magnet as multipole
mbsps: multipole, lrad=dummy, 1=lmb, knl={2.0%pi/(8%ncell)};

// define quadrupole and their strengths
gsps: quadrupole, l=lquad;

qf: qsps, kl:=kqf;

qd: qsps, kl:=kqd;

kqf 1.4631475E-02;

kqd = -1.4643443E-02;

// define sextupoles for chromaticity correction
1sf: sextupole, 1l=lsex,k2:=ksf;

1sd: sextupole, 1l=lsex,k2:=ksd;

kst 2.0284442E-02;

ksd = -3.8394267E-02;

// define orbit correctors and beam position monitors
bpm: monitor, 1=0.1;
ch: hkicker, 1=0.1;
cv: vkicker, 1=0.1;

// sequence declaration;
cassps: sequence, refer=centre, l=circum;
start_machine: marker, at = 0;

// This defines ONE cell, repeat NCELL times
// to get the full machine
// SPS has 8 bending magnets per cell

n=1;

while (n < ncell+1l) {
// here we call the macro, cell number n is argument
// and used for numbering the elements

exec inst($n,n,lcell,lquad?);

}
end_machine: marker at=circum;
endsequence;

10.4.2 MAD-X directives

TITLE, s="MAD-X test’;

// Read input file with machine description
// This machine is constructed with macro
// subroutine INST()

call file="spsmac.seq";

option,-echo;

// Define the beam for the machine
Beam, particle = proton, sequence=cassps, energy = 450.0;
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// Use the sequence with the name: cassps
use, sequence=cassps;
eoption,add=false,seed=62971100;
select,flag=error,pattern="q.*";
ealign,dx:=tgauss(3.0)*1.0e-4,dy:=tgauss(3.0)*2.0e-4;
eprint;

// Define the type and amount of output

select,flag=twiss,class=monitor,column=name,s,x,betx;
select,flag=twiss,class=vkicker,column=name,s,x,betx;
select,flag=twiss,class=hkicker,column=name,s,x,betx;

// Execute the Twiss command to calculate the Twiss parameters
// Compute at the centre of the element and write to: twiss.out
twiss,save,centre,file=twiss.out;

stop;

10.4.3 TWISS summary table

++++++ table: summ

length
6.9120000e+03

ql
2.6580085e+01

dxrms
1.9361006e+00

dq2
-5.1039987e-04

ycomax
8.6691696e-03

orbitb
—-0.0000000e+00

dql
-1.2827690e-04

xcomax
3.1098580e-03

betymax
1.0787781e+02

ycorms
2.8727246e-03

alfa
1.6804423e-03

betxmax
1.0808509e+02

Xcorms
1.0489137e-03

dymax
4.0349793e-01

deltap
0.0000000e+00
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gammatr
2.4394290e+01

dxmax
2.6296100e+00

q2
2.6620213e+01

dyrms
1.56327251e-01



10.4.4 TWISS lattice functions

@ NAME %05s "TWISS"

Q@ TYPE %05s "TWISS"

@ SEQUENCE %06s "CASSPS"

@ PARTICLE %06s "PROTON"

@ MASS %hle 0.938271998

@ CHARGE %hle 1

@ ENERGY %le 450

@ PC %le 449.999021827

@ GAMMA %le 479.605062241

@ KBUNCH %le 1

@ BCURRENT %le 0

Q@ SIGE %le 0

Q@ SIGT %le 0

@ NPART %le 0

Q@ EX %le 1

Q@ EY %hle 1

Q@ ET %le 1

@ LENGTH %le 6912

@ ALFA %le 0.00168044235319

@ ORBIT5 %le -0

@ GAMMATR %1le 24.3942904601

@ Q1 %le 26.5800856671

@ Q2 %le 26.6202187135

@ DQ1 %le -0.000128276909332

@ DQ2 %le -0.000510399876937

@ DXMAX %le 2.629610492

@ DYMAX %le 0.403497938523

@ XCOMAX %le 0.00310985806321

@ YCOMAX %le 0.0086691696294

@ BETXMAX %le 108.085099015

@ BETYMAX %hle 107.877818541

@ XCORMS %hle 0.00104891378772

@ YCORMS %le 0.0028727246142

@ DXRMS %le 1.93610068609

@ DYRMS %le 0.153272554514

@ DELTAP %1le 0

@ TITLE %01s "s"

Q@ ORIGIN %16s "MAD-X 1.11 Linux"

@ DATE %08s "23/10/03"

@ TIME %08s "10.54.36"

* NAME S X

$ %s %1le %le
"CH1" 4.6425 7.270283965e-05
"BPMH1" 4.7425 7.074377128e-05
"cvil" 36.6425 -0.000609759073
"BPMV1" 36.7425 -0.0006136057601
"CH2" 68.6425 -0.001619774866
"BPMH2" 68.7425 -0.001616493006
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BET
%le
96.
96.
22.
22.
96.
96.

X

71513054
26414369
16791457
29453352
60029697
15012782



|ICV2|I
"BPMV2"
|ICH3|I
"BPMH3"
|ICV3|I
"BPMV3"
|ICH4|I
"BPMH4"
IICV4II
"BPMV4"
|ICH5|I
"BPMH5"
|ICV5|I
"BPMV5"
IICH6|I
"BPMH6"
|ICV6|I
"BPMV6"
IICH7II
"BPMHT"
IICV7II
"BPMVT"
|ICH8|I
"BPMHS"
IICV8II
"BPMVS"
|ICH9|I
"BPMH9"
|ICV9|I
"BPMV9"
"CH10"
"BPMH10"
"CV10"
"BPMV10"
"CH11"
"BPMH11"
"CV1L"
"BPMV11"
"CH12"
"BPMH12"
"CV12"
"BPMV12"
"CH13"

100.
100.
.6425
132.
164.
164.
196.
196.
228.
228.
260.
260.
292.
292.
324.
324.
356.
356.
388.
388.
420.
420.
452,
452,
484,
484,
516.
516.
548.
548.
580.
580.
612.
612.
644.
644.
676.
676.
708.
708.
740.
740.
772.
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6425
7425

7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425
7425
6425

-0
-0
-0
-0

= = O O O O O O
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.0006806900062
.0006809745368
.0006702055164
.0006672287746

.0002920301383
.0002953017665
.001157348134
.001154759396
.000373991881
.0003728320023
.317974197e-05
.236758651e-05

.0002913559575
.0002936789916
.0009131218543
.0009115133179
.0004721562615
.0004729356669
.0006096356393
.0006068161018

.0003186361334
.0003222988135
.001319551812
.001317680986
.0008399337545
.0008419042414
.00127367779
.001269314367

.0001569946883
.0001625635013
.001695832426
.001693540175
.001134640886
.001137909267
.001891788389
.001885758488

.602143671e-05
.164251283e-05
.001604718692
.001603215697
.00126167154
.001264627726
.001934577849

.20590744
.33285114
.69082398
.23936818
.11019753
.23679301
.6649292
.21335536
.08455422
.21117154
.71965263
.26877918
.1823912
.30912451
.62975425
.17889384
. 1454883
.27221019
.67763938
.22676343
.16647139
.29331691
.69719699
. 2448662
.0183191

.14474739
. 72628201
.27522738
.16736164
.29406121
.63883761
.18855903
.21084481
.33761433
.60737231
.15696162
.18437067
.31133474
. 724361

.27158303
.98294563
.10929259
. 74062223
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